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SUMMARY
     There have been two views concerning that cerebrovascular lesion in spontaneously 
hypertensive rat (SHR-SP) would correspond to which model for human hypertensive cer-
ebrovascular lesions. One is that it corresponds to a model for human benign hypertension, 
while the other is that it corresponds to a that for human malignant hypertension. 
     The Author examined the serial sections prepared from the brains of SHR-SP, and 
compared them with those of cerebrovascular lesions of the human cases dead of uremia 
due to malignant hypertension and of the human cases dead of complications with cerebral 
hemorrhage due to malignant hypertension. The results revealed that as to the cerebral 
infarctions in SHR-SP, small infarctions fuse and form one large infarctions, and they 
were caused by fibrinoid necrosis and microthrombus of endarterioles and capillaries. In 
addition, the lesions of massive cerebral hemorrhage resulted from ruptures of micro-
aneurysms of small arteries, 100 to 130 µ in diameter. In other words, the cerebral 
infarctions were identical to the changes of human malignant hypertension, and the massive 
cerebral hemorrhage was closely similar to the form of cerebral hemorrhage of human 
benign hypertension. The fact in SHR-SP suggested that the cases of cerebral infarction 
were models for human malignant hypertension. And it also suggested that the cases of 
cerebral hemorrhage or those additionally complicated with cerebral infarction were models 
for malignant phase of human benign hypertension.
INTRODUCTION
     It has been well known that Stroke-prone spontaneously hypertensive rat (SHR-SP) 
was established by OKAMOTO and YAMORI et al.1) obtain early high cerebrovascular
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lesions. However, it has been very controversial that the hypertensive cerebrovascular 
lesions in SHR-SP would correspond to which type of those in the human. Using SHR-
SP and human autopsy cases deal from clinical diagnosis of malignant hypertension, the 
author discussed a similarity between SHR-SP cases and human autopsy cases by com-
paring macroscopically and microscopically both cerebrovascular lesions. 
              MATERIALS AND METHODS 
      1) SHR-SP : Nineteen rats sacrificed in 5 months were used. The brain was 
fixed in 10% formalin. Thereafter, it was divided to 3 to 4 pieces for coronal sections 
through the optic chiasma and midbrain. They were embedded in paraffin and prepared 
to 6 p thick serial sections. The kidney was also prepared for light microscopic exami-
nation in usual manner. 
      2) Human cases : The subjects contained one case dead of uremia with clinical 
diagnosis of malignant hypertension and 3 cases dead of malignant hypertension compli-
cated with cerebral hemorrhage. After fixation in 10% formalin as the routine procedure, 
the tissue for investigation was extirpated and embedded in paraffin. The brain was 
prepared to 6 p thick serial sections and the other organs were cut 5 fp thick. 
      After hematoxylin and eosin staining and, if necessary, the WEIGERT's staining 
and AZAN-MALLORY staining, all of these sections were examined light-microscopically. 
Each of these lesions was photographed light-microscopically at magnifications of 100 to 
150, and the reconstruction of the lesions was attempted by serial examination of the 
forms of cerebral hemorrhage and changes in the vessels. 
                     RESULTS 
     1) SHR-SP : In the 19 cases investigated, the blood pressure at sacrifice and the 
maximum blood pressure were 271 and 299 mmHg on the average, respectively (Table 1). 
Of these cases, cerebral hemorrhage or infarction and their complication were macro-
scopically noted in 15 cases (79%) and neither of them were noted in 4 cases (21%) 
(Table 1). Of these 15 cases, massive cerebral hemorrhage was noted in 7 cases (Fig. 
1). Of these 7 cases, 4 were complicated with macroscopic infarctions (Fig. 2) and all 
were complicated with microscopic infarctions. Only macroscopic and microscopic in-
farctions were noted in 8 cases. 
     Examination of the serial sections from the lesions of cerebral infarction revealed 
multiple fibrinoid necrosis, microthrombus formation and perivascular necrosis in the 
peripheral endarterioles and capillaries (Figs. 3 and 4), and petechial hemorrhage. Those 
alterations are detected especially around the infarction. Serial sections also demonstrated 
that a certain infarction was observed as a large cystic lesion in some sections, while in 
other sections it corresponded to gathering of multiple small infarction. In addition, no 
obstructive changes were seen in the relatively large arteries (50 to 70 p in diameter) of
             Table 1. Materials of SHR-SP. 
          BP (mmHg) 
Case No. M.H. M.I. m.h. m.i. 
          S/M 
 196-29 256/274 + + + 
 196-30 225/280 + + + + 
 196-34 283/293 + + + + 
 196-48 276/285 + + 
 196-49 275/286 + + 
 196-50 300/300 + + 
 196-51 265/308 + + 
 196-52 283/284 
 196-53 291/363 + + + 
 196-54 246/289 + 
 196-55 249/296 
 196-56 256/289 + + + + 
 196-57 284/284 + + 
 196-58 285/316 + + 
 196-59 300/308 + + 
 196-60 260/301 
 196-61 286/303 + + 
 196-62 286/297 + + + + 
 196-63 257/326 + + +
BP= Blood Pressure. S= Blood Pressure at sacrifice. M= Maximum Blood 
Pressure. M. H. = Macroscopic Hemorrhage. M. 1. = Macroscopic Infarction. 
m.h.= microscopic hemorrhage. m.i.= microscopic infarction.
intracerebral parenchyme (Fig. 5). However, in the cases complicated with cerebral 
massive hemorrhage, a finding was obtained that the wall of the relatively large arteries 
(50 to 70 u in diameter) in non-hemorrhagic region showed partially cystic dilatation 
owing to ruptures of the internal elastic lamina. Further follow-up of serial sections 
showed that they underwent to the original healthy arteries (Fig. 6). Similarly, exami-
nation of the serial sections of the massive hemorrhagic lesions showed blood coagulation 
at the hemorrhagic area, in which globular bodies with fibrinous lamalation were noted. 
The probably ruptured vessels were also found close to those lesions (Fig. 7). In the 
surrounding area of hemorrhage as was the case with the non-hemorrhagic area mentioned 
above, the arterial walls (50 to 70 a in diameter) showed partial necrotic changes and 
cystic dilatations with fragmentation of the internal elastic lamina (Fig. 8). The kidney 
was rather swollen macroscopically with fine granular surface, and showed microscopically 
intimal thickening of small arteries in addition to fibrinoid necrosis of afferent arterioles 
and arteritis of arterioles and small arteries, but showed no particular lesions in glomeruli 
(Fig. 9). 
     2) Human cases : All human cases used for this examination had a clinically 
typical malignant hypertension. Case 1 died of uremia and case 2, 3 and 4 died of 
complication by cerebral hemorrhage (Table 2). According to the past history and its
                     Table 2. Materials of human autopsy cases 
case No. Autopsy No. Age Sex Du. of 111. BP BUN C Px 
  1 1069911 43y Male 2 years 260-280/ 32-99 3.9 Malignant nephro-                                               10 -140 sclerosis 
                                                                  Malignant hyper-
                                           200-220/ tension (Malignant2 3121111
, * 55y Male 5 years 135.6 9.2 nephrosclerosis)                                            130-140 
with                                                                          pontine hem-
                                                                        orrhage 
                                                                  Malignant phase
  3 AO 1796##11 45y Male 6 years 200-250/ 20 1.9 of essential hyper-                                               1 -130 tension with cere-
                                                                  bral hemorrhage
                                           230-250/ Malignant hyperten-4 78-34** 28y Male 10 years 
150-160 55.6 sion with pontine                                                                     hemorrhage 
   Du. of I1.= Duration of Illness. BP= Blood Pressure (mmHg). BUN= Blood Urea 
   Nitrogen (mg/dl). C= Creatinine (mg/dl). PX= Pathological Diagnosis. 
   11 Nagasaki University Hospital . 11# Fukuoka Red Cross Hospital. #1111 National Nagasaki 
   Central Hospital. ** Kyushu University Shool of Dentistry. * Peritoneal dialysis.
clinical protocol, the renal disease was not noticed in cases 1 and 2, while its laboratory 
data showed somehow elevation of BUN and creatinine. There was no description in 
particular in cases 3 and 4. On autopsy, the brain had a slight swelling in any of the 
cases (Table 3). Three of 4 cases showed a macroscopic infarction, which was multiply 
present in the pons for Case 1 (Fig. 10), in the cerebellum for Case 2, and near the 
basal ganglia for Case 3 (Table 3). The cerebral hemorrhage was present in the pons 
for Cases 2 and 4 (Fig. 11) and in the hypothalamus to midbrain for Case 3 (Fig. 12). 
Examination of the serial sections from the region of cerebral infarction of Cases 1 and
Table 3. N europatho logical findings of human autopsy cases. 
Case No. 1 2 3 4 
Brain weight (gm) 1270 1350 1540 1350 
Large hemorrhage - + + + 
Petechial hemorrhage + + + + 
Large infarction - - - -
Micro infarction + + + -
Fibrinoid necrosis: 
 Endoarteriole- + + + + 
   Capillary level 
Arteriole- - + + +  S
mall artery level 
Fibrin thrombi + + - -
Perivascular necrosis + + + + 
Microaneurysm - + + + 
Hyalinization of - + + + 
 small artery
2 gave the following results (Table 3) : multiple fibrinoid necrosis, formation of micro-
thrombus and perivascular necrosis occurred in the endarterioles and capillaries around 
the infarction (Fig. 13). When the serial sections of the infarction were examined, one 
large infarction in a section was seen as gathering small infarction in another (Fig. 14). 
In addition, no obstructive changes were observed in the small arteries in the cerebral 
parenchyme and subarachnoid. Secondly, examination of the serial sections from the 
massive cerebral hemorrhagic lesions in Cases 2, 3 and 4 gave in common the following 
findings (Table 3) : in the hemorrhagic area, parts of arterial walls of diameter 80 to 
150 u showed fibrinoid necrosis and microaneurysm with disappearance of the internal 
elastic lamina, and the area ruptured with hemorrhage (Fig. 15). There were also 
many findings that in the arteries near the hemorrhage, the walls showed partial fibrinoid 
necrosis with extended internal elastic lamina (Figs. 16 and 17). Fibrinoid necrosis 
and perivascular necrosis in the endarterioles and capillaries were seen together with the 
changes in these small arteries of diameter 80 to 150 u (Fig. 18). Hyalinization of the 
small arteries and arterioles in non-hemorrhagic area was also seen. The renal findings 
showed rather atrophied weight of 95 to 130 g in Cases 1, 3 and 4, and rather swollen 
weight of 150 to 170 g in Case 2. The surface was fine granular without petechial 
hemorrhage in any of the cases. Microscopically, all cases showed multiple fibrinoid 
necrosis in the afferent arterioles of glomeruli, and structurally stratiform, concentric 
circular split in the walls of the small arteries, and many pictures of panarteritis. In 
Cases 3 and 4, hyalinization of afferent arterioles of glomeruli usually found in benign 
hypertension was seen simultaneously with the findings mentioned above (Fig. 19). 
                    DISCUSSION 
     Concerning that cerebrovascular lesion in SHR-SP would correspond to which model 
for human hypertensive cerebrovascular lesions, there have been two views. The one is 
that it corresponds to the cerebral apoplexy, as reported by OKAMOTO and YAMORII)3), 
which frequently occurs in the Japanese due to hypertensive cerebrovascular lesions ; that 
is, the model for benign hypertension. This view has considered the cerebral hemorrhage 
to occur due to ruptures of microaneurysms developed in angionecrosis, while considered 
the cerebral infarction to occur due to thrombus developed in angionecrosis or micro-
aneurysm, and defined it as "arterionecro thrombogenic stroke". The another is the 
concept of OGATA and OMAE who have insisted that the cerebrovascular lesion in SHR-
SP correspond to the model for malignant hypertension. The reasons are : similarity of 
fibrinoid necrosis of the arterioles4) in the various organs of human malignant hyperten-
sion, infrequent microaneurysm5), rare cerebral massive hemorrhage in SHR-SP6), and 
similarity of vascular changes (arteriolar fibrinoid necrosis, microinfarction, petechial 
hemorrhage, and edema'18)) in the brain to changes in human malignant hypertension. 
Furthermore, OGATA, et al.4)-6 have noticed the existence of cyst formation in the 
white matter of SHR-SP. They found that rarefaction of neuropil is seen frequently in
the neurons without hypoxia around the cysts in the white matter of SHR-SP. They 
thought that these cysts were developed not by vascular changes such as microinfarction 
and fibrinoid necrosis, but by brain edema. 
      In this investigation the cerebrovascular lesions, chief macroscopic lesions were 
cerebral hemorrhage and infarction with the ratio of 7/19 (37%) for macroscopic cer-
ebral hemorrhage, 8/19 (42%) for microscopic cerebral hemorrhage, 12/19 (63%) for 
macroscopic cerebral infarction, 15/19 (79%) for microscopic cerebral infarction, and 
6/19(32%) for macroscopic and microscopic comlications of these two lesions. These re-
sults suggested that the ratio of cerebral infarction was surely high indeed, but macro-
scopic cerebral hemorrhage also seemed not necessarily infrequent because of its ratio of 
37% . 
      Examination of the serial sections from the cerebral infarction revealed a number 
of formations of fibrinoid necrosis and microthrombus in the endarioles and capillaries, 
perivascular necrosis, and microinfarction. These changes were closely similar such chan-
ges as seen in the human malignant hypertensive brain 6°-12). Especially, in the cerebral 
infarction, the process in which small infarctions were seen to be fused to form large 
infarctions in the serial sections, and no obstructive changes could be seen in the relatively 
large vessels around these large infarctions. These findings accorded with the report of 
OGATA, et ai1.5> that the large infarction in SHR-SP is not caused by obstruction in the 
vessel of a diameter worthy of its size. These small infarctions seemed due to fibrinoid 
necrosis and microthrombus in the endarterioles to capillaries. Also in the cases with 
cerebral hemorrhage only, changes such as fibrinoid necrosis, perivascular necrosis, and 
petechial hemorrhage in the endarterioles and capillaries were complicated, and such 
changes as seen in human malignant hypertension were also present. As to the infar-
ction in the pons and cerebellum as seen in Cases 1 and 2, the human autopsy cases ex-
amined concurrently provided quite the same findings as for the SHR-SP cases. Cases 3 
and 4, though not complicated by cerebral infarction, were also accompanied by fibrinoid 
necrosis and perivascular necrosis in the endarterioles and capillaries. These results were 
in accord with CHESTER, et al.10) in which they described that small infarctions of di-
ameter 100 p to 2mm were noted in the human malignant hypertensive cases, and also 
Stehbens is the same opinion") that these small infarctions were caused by fibrinoid 
necrosis in the small vessels. On the other hand, NISIMORI and TAKAGII3> and 
MURATA14) have already reported and proposed that one large infarction formation by 
gathering some small infarctions is seen frequently also in the cases of arteriosclerotic 
cerebral infarction. However, the fact that in this study, no arteriosclerotic obstructive 
changes were seen in both SHR-SP and human autopsy cases, was probably different 
etiologically though identical morphologically. 
     On the other hand, in the cases of cerebral hemorrhage in SHR-SP, macroscopic 
cerebral infarctions were accompanied in 4 of 5 cases of macroscopic massive hemor-
rhage. Examination of the serial sections from the massive hemorrhagic area revealed a 
blood coagulation in which fibrin was layered exudated lamellarly in form and the around
vessels were different from those in the cases of infarction. Namely, in the relatively large 
arteries, 50 to 70 p in diameter, the WEIGERT's staining disclosed partial fibrinoid ne-
crosis in the vessel wall and changes of partial cystic dilatation with fragmentation of 
the internal elastic lamina. This blood coagulation was similar to such hemorrhagic ball"' 
as seen in ordinary human benign hypertension. FUJII16) reported that arterial rupture 
produces almost always hemorrhagic balls. The changes of arteries around the lesions 
seem to correspond to such intracerebral true aneurysm and microaneurysm as reported 
by MATSUOKA17) and OONEDA18), though the vessels were somewhat different in 
diameter. MATSUOKA reported that this aneurysm was seen in 77.8% of the hypertensive 
cerebral hemorrhagic cases. OONEDA reported that it was seen in all the hyperten-
sive cerebral hemorrhagic cases, but in only one of the normotensive cases, so that the 
cerebral hemorrhage is caused by ruptures of the microaneurysms. The same changes as 
those in the aneurysm were seen in cerebral parenchyme of the nonhemorrhagic area in 
SHR-SP, being in agreement with MATSUOKA's description") that true microaneurysm 
was found not only in hemorrhagic area but also in non-hemorrhagic area. Since the ne-
crotic changes of these vessels became red in color by the Azan-MALLORY's staining, 
they seemed to be the same as MATSUOKA's angionecrosis19 and OONEDA's plasmatic 
arterionecrosis. These results suggested that the histogenesis of cerebral massive hemor-
rhage in SHR-SP was the same as that seen in the human benign hypertensive cases. 
      On the other hand, in the human malignant hypertensive cases dead of a compli-
cation with cerebral hemorrhage, especially Cases 3 and 4, no past history of renal 
diseases was noted. The fibrinoid necrosis in the arterioles and panarteritis of the small 
arteries were also seen histopathologically, as well as hyalinizations of afferent arteriole 
and glomerulus in the kidneys. This indicated that the above cases had concurrently 
renal changes seen in both human benign and malignant hypertensions. Examination of 
serial sections from cerebral massive hemorrhage in Cases 3 and 4, revealed partial 
fibrinoid necrosis in the small arterial walls (100 to 150 i in diameter) with fragmentation 
of the internal elastic lamina, formation of microaneurysm and hemorrhage due to its 
rupture. The arteries around those hemorrhagic areas formed, though not ruptured, the 
same microaneurysm. These changes were similar to those seen in the cerebral hemor-
rhage caused by benign hypertension as pointed out by MATSUOKA and OONEDA, et 
al. The changes were accorded also with the description 'of KIMURA and MATSUOKA 
that the cerebral massive hemorrhage in malignant hypertension is the same as that in 
ordinary hypertensive cerebral hemorrhage and caused by the necrosis and ruptures of 
intracerebral arteries. In addition to this, cerebrovascular lesions, which seem to char-
acteristics of malignant hypertension such as fibrinoid necrosis of the endarterioles and 
capillaries, petechial hemorrhage, and perivascular necrosis were concurrently found . 
Namely both kidneys and the brain had such histopathological changes as seen in both 
benigh and malignant hypertensions. This seemed to prove histopathologically that , as 
shown clinically in the human Cases 3 and 4, a benign hypertension occurred first , then 
finally altered to a malignant phase of hypertension and the cerebral hemorrhage occurred
as a result of an abrupt elevation of blood pressure. 
      A comparison of the histopathological changes between SHR-SP and human autopsy 
cases mentioned above, revealed that cerebral infarction of SHR-SP was identical in the 
pathogenesis and in the histology to that seen in human malignant hypertension. The 
fibrinoid necrosis and perivascular necrosis of the endarterioles and capillaries and pete-
chial hemorrhage of brain in SHR-SP were also same as those of human malignant hy-
pertension. On the other hand, the cerebral massive hemorrhage in SHR-SP was identical 
in the pathogenesis and in the histology to the cerebral hemorrhage seen in human benign 
hypertension. Those SHR-SP, with both cerebral massive hemorrhage and infarction, 
were histopathologically similar to the human cases of malignant hypertension altered 
from benign hypertension. 
      Therefore, cerebral infarction, and fibrinoid necrosis, perivascular necrosis and 
petechial hemorrhage in SHR-SP were such lesions as seen in malignant hypertension, 
while cerebral massive hemorrhage were similar to such changes as seen in benign hy-
pertension. The existence of these changes in the same brain suggested that it would 
be better to consider SHR-SP having both features complexly than to consider it only as 
a model for benign or malignant hypertension. Thus it was probably more reasonable to 
consider that SHR-SP dead of cerebral infarction only is a model for malignant hyper-
tension, but SHR-SP complicated with both cerebral infarction and massive cerebral 
hemorrhage is a model for malignant phase of benign hypertension. 
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Fig. 1: Typical cerebral hemorrhage in SHR-SP. Massive hemorrhage was seen mainly 
        in frontal lobe with a complication of infarction. 
Fig. 2: Typical cerebral infarction in SHR-SP. 
Fig. 3: Cerebral infarction and cerebral hemorrhage in SHR-SP (196-62) (H . E. x50) 
Fig. 4: Fibrinoid necrosis and perivascular necrosis of endarterioles and capillaries in 
        SHR-SP (196-62). A number of changes were seen around cerebral infarc-
        tion shown in Fig. 3. (H. E. x50). 
Fig. 5: Pictures observed by follow up with serial sections of cerebral infarction seen 
        in Fig. 3. Fig. 5-1, three small infarctions of A, B and C; Fig. 5-2, two 
        small infarctions of A plus B and C; and Fig. 5-3, a large infarction of A
       plus B plus C (H. E. x125) 
Fig. 6: The artery seen in non-hemorrhagic area of SHR-SP (196-56). Fibrinoid 
        necrosis that occurred in original artery (Fig. 6-1, arrow) and changed to 
        microaneurysm with ruptures of the internal elastic lamina (Fig. 6-2). (Fig.
         6-1, H. E., x250 and Fig. 6-2, WEIGERT's stain, x250) 
Fig. 7: The hemorrhagic ball seen in massive hemorrhagic area of SHR-SP (196-53). 
        The ruptured wall was also seen (arrow). (H. E. x50). 
Fig. 8: The artery seen around cerebral hemorrhage in SHR-SP (196-53). A part of 
        its wall was deteriorated to fibrinoid necrosis and changed to microaneurysm
        (Fig. 8 -1), showing ruptures of the internal lamina (Fig. 8-2) (Fig. 8-1, 
        H. E. x250 and Fig. 8-2, WEIGERT's stain x250). 
Fig. 9: The kidney of a SHR-SP (196-29), showing multiple fibrinoid necrosis. 
        Hemorrhage and lymphocytic infiltration are seen in the stroma (H. E. x125). 
Fig. 10: Multiple small infarctions seen in the pons of a human autopsy case (Case 1, 
      10699). 
Fig. 11: Hemorrhage seen in the pons of a human autopsy case (Case 2, 312). 
Fig. 12: Hemorrhage seen in the right cerebral hemisphere of a human autopsy case 
       (Case 3, A01796). 
Fig. 13: Fibrinoid necrosis and microthrombus of endarterioles and capillaries seen 
        around cerebral infarction of the pons of a human autopsy case(Case 1, 10699) 
       (H. E. x50). 
Fig. 14: Pictures following up changes in small infarctions seen in the celleberum of a 
        human autopsy case (Case 2, 312) using serial sections. 
        Fig. 14-1, 3 small infarctions of A, B and C,
        Fig. 14-2, 2 infarctions of A plus B and C; and 
        Fig. 14-3, one large infarction of A plus B plus C (H. E. x125). 
Fig. 15: A part of the arterial wall seen in a human autopsy case (Case 3, A01796). 
        A microaneurysm with hemorrhage due to its rupture (H. E. x50). 
Fig. 16: An artery near cerebral hemorrhage in a human autopsy case (Case 2, 312). 
        Fibrinoid necrosis occurs in a part of its wall, forming microaneurysm (H. E. 
      x125). 
Fig. 17: Fibrinoid necrosis found in an artery near cerebral hemorrhage in a human 
        autopsy case (Fig. 17-1, Case 4, 78-34). Rupture of the internal elastic 
        lamina is seen (Fig. 17-2). (Fig. 17-1, H. E., x250 and Fig. 17-2, WEIGERT 
         's stain
, x250) 
Fig. 18: Fibrinoid necrosis and perivascular necrosis of endarterioles and capillaries seen 
        near cerebral hemorrhage of a human autopsy case (Case 4, 78-34)(H.E. x125).
Fig. 19: The kidney of a human autopsy case (Case 3, A01796). Fibrinoid necrosis of 
        afferent arterioles (Fig. 19-1) and hyalinization of arteriole and small artery
       (Fig. 19-2) are seen.
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